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eã G = (V,E)fã K zº:Ý´óê§K¡ K ´ Gî.f
ã© C(G)´ G¤kî.fã¤8Ü§3 GF (2)þ½Â\{ +
Úê¦ ·$µ X + Y = X 4 Y , 1 ·X = X, 0 ·X = ∅§ù¤5m
(C(G),+, ·)¡ Gm C(G)§Ùê β(G) = |E(G)| − |V (G)|+ c(G)§Ù
¥ c(G)´ GëÏ©|ê©?¿ β(G)5Ã'î.fã|¤8Ü¡
 G|Ä§P B©Ä B¥¤kî.fão>ê¡ B§P
l(B)©Z. BradshawÚ R. H. HammackEÑëÏÜã GÛ Cp È
ãáÄ(©©?ÚïÄ
ëÏÜã GüÛ Cp Ú Cq
:¿ã H ÈãEÑÈãáÄ(©



























Cycle bases theory of graph originate G. Kirchhoff’s treatise on electrical network.
The core issues of cycle space theory determine cycle bases of graphs. Complexity of
the algorithm depends on the choice of cycle bases, length of the cycle bases directly
impact the speed of the algorithm in practice. Especially, there has been a lively interest
in minimum cycle bases.
An Eulerian subgraph in a graph is a subgraph in which every vertex has even
degree. The cycle space C(G) of a graph G = (V (G), E(G)) is a vector space over
GF (2) which is formed by all Eulerian subgraphs of G with vector addition X +Y =
X 4 Y and scalar multiplication 1 · X = X, 0 · X = ∅. It is well-know that the
dimension of C(G) is β(G) = |E(G)| − |V (G)| + c(G), where c(G) is the number
of components of G. Any set of β(G) linear independent Eulerian subgraphs forms a
cycle base. The length of a cycle base B, denoted by l(B), is the total number of edges
in its elements. Z. Bradshaw and R. H. Hammack constructed a minimum cycle bases
for the direct product G × Cp where G is a connected non-bipartite graph, Cp is an
odd cycle. This thesis is centered a minimum cycle bases for the direct product G×H
where G is a connected non-bipartite graph, H is a point union of two odd cycles.
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ã Kp ã Kq ÈãáÄ(§




GÚÛ Cq ÈãáÄ(§ÙÈã¥Ã 3−(©z[12])©
©ïÄëÏÜã G üÛ Cp Ú Cq :¿ (H = Cp · Cq)
ÈãáÄ(©1Ù1!Ñ
Èã®'(
J©1Ù1!3Z. Bradshaw ÚR. H. Hammack EÑÈã G × Cp ¥
4−45Ã'|Ä:þE
Èã G × H ¥ 4−45Ã
'|©1Ù1n!ÄkEÑAÏÈã Cr × H áÄ(§?
ÚÏLã H é¡½ã
←→





H ) = V (H)§E(
←→












ã G´dk8Ü V (G)ÚÙ,
ÃSé8Ü E(G)¤
|§P G = (V (G), E(G))§Ù¥ |V (G)|L«ã Gº:ê§ |E(G)|
L«ã G>ê©ã G¥º: v ¤kº:8Ü¡ v 8§P
 NG(v)©ã G¥º: v 'é>ê8¡º: v Ý§P dG(v)©ã
G^ (v0, vk)å»´kS W = v0e1v1e2v2 · · · ekvk§§
O/º:Ú>§¦é 1 ≤ i ≤ k§ eià:´ vi−1Ú vi§Ù¥ v0Ú vk ©
O¡W å:Úª:©XJå»W > e1, e2, · · · , ek pØÓ§KW ¡
,¶XJå»W º: v0, v1, · · · , vk pØÓ§KW ¡´§ nº:
´P Pn§^v0v1v2 · · · vk−1L«©AO/§å:Úª:­Ü´¡©é
uã Güº: uÚ v§XJ3 G¥3^ (uv)å»§K¡º: uÚ v´
ëÏ©ã GëÏ= G¥?¿üº:þ´ëÏ©ã G(ëÏ)©
|½Â G4ëÏfã¶ G(ëÏ)©|êP c(G)©w,§ G
ëÏ¿©7^´ c(G) = 1©















J V (H) = V (G)§K¡ H  G)¤fã© V ′´ V (G)º:f
8§± V ′ º:8§±üà:þ3 V ′ ¥>N>8¤|¤ Gf
ã§¡d V ′ Ñfã§P G[V ′]© V \V ′ L«áu V Øáu V ′ º
:8© G− V ′ L«l G¥íØ V ′ ¥º:±9ù
º:'é>¤
fã¶AO/§ V ′ = {v}§r G − {v}{P G − v© E ′ ´ E(G)
f8§± E ′ >8§ E ′ ¥>à:Nº:8¤|¤ G
fã¡d E ′ Ñfã§P G[E ′]© G − E ′ Ú G + E ′ ©OL«l G¥
íØÚV\ E ′ ¥>¤fã¶AO/§ E ′ = {e}§^ G − eÚ
G+ e5©OO G− {e}Ú G+ {e}©
G = (V (G), E(G))ÚH = (V (H), E(H))´üã©e3 1−1N
 f : V (G) → V (H)§¦ Gº: uÚ v 3 G¥= f(u)Ú f(v)
3 H ¥§K¡ GÓu H§P G ∼= H©?¿üØÓº:þ
{üã¡ã©3Ó¿Âe§ nº:ãk§P Kn©
Ø¹ëÏã¡ä§ nº:äP Tn©XJëÏã G| fã
´ä§·¡§ã G| ä©XJã Gº:8y©¤ü8Ü
(U§V )§¦z^>TÐkà:3 U ¥,à:3 V ¥§K¡ G
Üã§P G(U§V )©ÏÜã¿©7^´Ø¹Û§¤±
äw,´Üã©XJÜã G(U§V )zº:Ø3Óf8¥¤k
º:þ§K¡ GÜã§P Kn1n2§Ù¥ ni(i = 12)©OL«f
8 U  V º:ê©AO/§ K1nq¡ n+ 1(ã©
ã 1. 2. 1 Èã K2 × C3
ã G Úã H Èã G × H ½ÂXeµ V (G × H) = V (G) ×
V (H)§E(G × H) = {{(ux), (vy)}|uv ∈ E(G)xy ∈ E(H)}§âÈ½Âk
|V (G×H)| = |V (G)| · |V (H)|§|E(G×H)| = 2|E(G)| · |E(H)|© K2Ú C3















´ëÏ=ã G§H ¥k¹Û¶XJã G§H Ñ´Üã§
K G ×H TküëÏ©|[20]© Q = abcÚ R = def ©OÝ 2´§
K Q × R¹k 4− (a, e)(b, f)(c, e)(b, d)©^ÎÒ QR½ [abc][def ]
L«§Xã 1.2.2¤«©
ã 1. 2. 2 [abc][def ]È4−

−→








Cp ´kfã§Ùº:8 V (
−→
Cp) = {0, 1, · · · , p − 1}§l8
A(
−→





ã 1. 2. 3 
é?¿ã H§½Âã H é¡½ã
←→
H = (V,A)§e xy ∈ E(H)§Kk
−→xy,−→yx ∈ A(
←→
H )§= V (
←→
H ) = V (H)§A(
←→
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